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PREFACE 
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SECTION  I 


INTRODUCTION 

The  Air  Force  Runoff  Model  (APRUM)  for  simulating  storm 
hydrographs  and  pollutant  yields  was  developed  for  the  U.S.  Air 
Force  by  the  Department  of  Civil  Engineering  at  the  University  of 
Tennessee,  Knoxville.  The  results  of  three  separate  but  comple¬ 
mentary  studies  had  the  same  fundamental  objectives,  l.e.,  to 
evaluate  the  effects  of  specialized  land  use  on  stormwater  runoff 
and  its  associated  quality.  The  three  studies  were  funded  by  the 
following  three  Federal  agencies  and  dealt  with  the  land  use 
Indicated : 

Study 

Federal  Agency  Contract-Grant  No.  Period  Land  Use 

U.S.  Department  of  EY-76-S-05-4946  1975-79  Coal  Strip 

Energy  Mining 

U.S.  Department  of  TENN-A-046  1976-78  Urbanization 

Interior  Office 
of  Water  Resources 
Technology 

U.S.  Air  Force  F08635-77-C-0254  1975-79  Air  Force 

Bases 

AFRUM  was  developed  In  the  course  of  analyzing  410  storms 
observed  on  36  watersheds.  The  storm  sample  Included  watersheds 
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In  agricultural,  urban,  and  100  percent  forested  land  use  con¬ 
ditions  as  well  as  watersheds  undergoing  coal  strip  mining  and 
three  watersheds  at  Grissom  AFB,  Indiana.  APRUM  was  extensively 
modified  by  the  Air  Force  Engineering  and  Services  Center, 
Tyndall  Air  Force  Base,  Florida  to  increase  the  user  utility  by 
modification  of  input  and  output  formats  and  simplification  of 
Internal  processes. 
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SECTION  II 


OBJECTIVE  OF  APRUM 

AFRUM  was  developed  for  the  purpose  of  simulating  stormwater 
hydrographs  from  a  realtime  or  design  storm  rainfall 
distribution,  land  use  and  soil  type  of  the  watershed  of 
Interest.  The  watershed  is  considered  to  be  a  lumped  system,  and 
the  required  basin  characteristics  are  percent  of  watershed 
that  is  forested  (PP),  percent  that  is  impervious  (PI),  percent 
in  strip  mining  or  denuded  (PS),  and  surface  drainage  area  in 
square  miles  (SQMI). 

Runoff  volume  and  the  associated  rainfall  excess  time  distri¬ 
bution  are  simulated  from  the  input  rainfall  using  the  U.S,  Soil 
Conservation  Service  Curve  Number  Model  (Reference  1).  If  a 
runoff  hydrograph  (stormwater  flow  rates  out  of  the  basin)  is 
read  into  the  program  associated  with  a  rainfall  hyetograph 
(rainfall  distribution),  the  program  will  compute  a  Curve  Number 
(CN)  from  this  information.  Otherwise,  a  CN  must  be  read  into 
the  computer  and  would  be  simulated  using  the  procedures  spe¬ 
cified  in  Reference  1. 

APRUM  makes  provision  for  simulating  a  unit  hydrograph  or 
unit  response  function  (URP),  which  is  convoluted  with  the  rain¬ 
fall  excess  hyetograph.  This  computer  program  is  an  adaptation 
of  the  simulation  phase  of  the  TVA  double  triangle  model  reported 
by  Ardls  (Reference  2)  and  later  modified  by  Betson  (Reference  3). 
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A  more  detailed  description  of  the  development  of  APRUM  has 
been  reported  by  Overton,  Troxler  and  Crosby  (Reference  4), 
Overton  and  Crosby  (Reference  5),  and  CEEDO-TR-77-18. 

APRUM  also  simulates  pollutant  loads  for  the  associated 
storm.  This  simulation  Is  a  function  of  the  specified  watershed 
and  storm  characteristics.  Hence,  additional  parameters  are  not 
needed . 
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SECTION  III 


HARDWARE  AND  SOPTOARE  REQUIREMENTS 

The  computer  model  described  in  this  manual  Is  written  in 
Fortran  IV  and  operates  on  CDC  6600  computers  under  the  NOSBE 
operating  system.  The  program  requires  approximately  56K  bytes 
of  usable  core  capacity  and  approximately  6CPU  seconds  to  com¬ 
pile  and  execute.  Input  Is  accomplished  by  a  card  reader,  and  the 
output  Is  accomplished  by  a  132  position  line  printer.  The  plot 
subroutine,  HYPLOT,  within  this  program  utilizes  a  Calcomp 
Electromechanical  Plotter. 

1.  Input  Requirements 

AFRUM  accepts  the  following  Input: 

a.  Accumulated  storm  rainfall  at  equal  time  Intervals, 

DT. 


b.  Stormwater  discharge  flow  rates  at  equal  time 
Intervals,  DT  (this  hydrograph  may  be  used  If  available). 

c.  Watershed  characteristics 

(1)  Curve  Number  (CN)  which  can  be  estimated  using 
Table  1.  If  the  hydrograph  is  read  In,  CN  Is  calculated. 

(2)  Drainage  area  In  square  miles  (SQMI). 

(3)  Percent  forest  (PF). 
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TABLE  1.  RUNOFF  CURVE  NUMBERS  R)R  URBAN  AND  SUBURBAN  AREAS 

(ANTKEDENT  MOISTURE  CONDITIONS  II  AND  III;  I  =  0.2S)»» 

cL 


Curve  numbers  by  antecedent  moisture  conditions 
II  III 


Percent  Hydrologic  Soil*  Hydrologic  Soil** 


Zoning  Classification 

Imperviousness 

A 

B 

C 

D 

A 

6 

c 

D 

Business,  industrial, 
or  cormierclal 

75 

82 

88 

90 

91 

92 

95 

96 

97 

Apartment  houses 

65 

78 

85 

88 

90 

90 

94 

95 

96 

Schools 

A5 

68 

78 

84 

87 

84 

90 

93 

95 

Urban  residential  5 
(Lots  +  10,000  ft'^) 

i<0 

65 

77 

83 

86 

82 

89 

93 

94 

Suburbaui  residential 
(Lots  +  12,000  ft'^) 

35 

62 

76 

82 

85 

80 

89 

92 

94 

Suburban  residential 
(Lots  +  17,000  ft^) 

30 

60 

74 

81 

84 

78 

88 

92 

93 

Suburban  residential 

25 

58 

72 

80 

84 

77 

86 

91 

93 

Parks  and  cemetaries 

20 

55 

71 

79 

83 

74 

86 

91 

93 

Unimproved  areas 

15 

53 

70 

78 

92 

73 

85 

90 

92 

Lawns 

0 

^»5 

65 

75 

80 

66 

82 

88 

91 

Woods 

0 

36 

60 

73 

79 

- 

- 

- 

- 

Meadow  (permanent) 

0 

30 

58 

71 

78 

- 

- 

- 

- 

Pasture  or  range 

0 

49 

69 

79 

84 

- 

- 

- 

- 

SCS  National  Eiiglneerlng  Handbook,  Section  'table  l$.l  "Percent  of 
Imperviousness  for  Various  Densities  of  Urban  Occupancy." 


•Soils  are  divided  Into  four  hydrologic  soils  groups:  A,  B,  C,  and  D.  Group  A 
soils  have  a  high  Infiltration  rate  even  when  thorou^ly  wet.  When  thoroughly 
wet,  group  B  soils  have  a  moderate  Infiltration  rate,  group  C  soils  have  a  slow 
Infiltration  rate,  and  group  D  soils  have  a  very  slow  infiltration  rate. 

Table  7.1  of  Reference  1  lists  more  than  9,000  soils  and  their  hydi^loglc  group. 

••Antecedent  Moisture  Condition  II  is  an  average  condition  where  III  has  the 
highest  runoff  potential.  Condition  II  means  soils  In  the  watershed  are  prac¬ 
tically  saturated  fron  antecedent  rains. 


Data  unavailable 


2. 


tabular) 


(4)  Percent  Impervious  (PI). 

(5)  Percent  strip  mined  or  denuded  (PS). 

Output  provided 

a.  Title  banner  page. 

b.  Introduction  to  the  model. 

c.  Discussion  of  assumptions  made  by  user. 

d.  User  Input  data. 

e.  Adjusted  model  parameters. 

f.  Simulated  storm  hydrograph  (graphical  and  tabular). 

g.  If  read  in,  observed  storm  hydrograph  (graphical  and 

h.  Suspended  sediment  storm  load,  Mn,  Fe,  Ca,  Mg,  SO^^, 


and  total  alkalinity  storm  loads 


SECTION  IV 


DESCRIPTION  OF  APRUM 

1.  Simulation  of  Direct  Storm  Runoff. 

This  program  simulates  direct  runoff  volume  and  rates 
using  the  Curve  Number  model  of  the  U.S.  Soil  Conservation 
Service  (Reference  1).  All  losses  except  evapotransplratlon  are 
lumped  Into  a  single  Initial  abstraction.  The  model  correlates 
the  rainfall-direct  runoff  relations  as  a  function  of  soil  type, 
land  use,  and  hydrologic  condition. 

For  simple  storms  (high  intensity  and  of  short  duration), 
the  retention  relative  to  the  potential  maximum  retention  S  bears 
the  following  relation: 

.  _i_ 

S  f  -  I.  (1) 

where  P  Is  storm  rainfall  in  Inches,  Q  Is  the  direct  storm  runoff 
or  effective  rainfall  In  inches,  and  1^^  Is  the  Initial  abstraction 
In  Inches  which  Is  a  measure  of  antecedent  moisture.  Initial 
abstraction  Includes  surface  storage.  Interception,  and  Infiltra¬ 
tion  prior  to  runoff.  The  concept  behind  this  method  Is  for  a 
given  basin  soil  and  land  use  condition,  there  Is  a  maximum 
possible  retention  as  storm  rainfall  increases,  storm  runoff  will 
Increase  as  defined  by  Equation  (1).  Storm  runoff  can  be  solved 
as  follows: 

(P  -  1^)^ 

Q  =  - a - 

(P  -  I^)  +  S  (2) 
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An  empirical  relation  (Reference  6)  for  initial  abstraction 
(I  =  0.2S)  is  inserted  and  Equation  (2)  becomes 

oL 

(P  -  0.2S)^ 

Q  =  - 

P  +  0.8S  (3) 

which  is  the  relation  used  in  the  SCS  method  of  estimating  direct 
runoff  from  storm  rainfall. 


The  runoff  equation  has  been  placed  in  graphical  form  with 
the  main  parameter  being  watershed  retention,  S,  where  S  was 
related  to  the  Curve  Number,  CN,  as 


S  =  iOOO  -10 
^  CN 


(4) 


Equations  (2)  and  (4)  show  the  interrelationships  between  CN, 
soils,  land  use,  and  hydrologic  condition  for  average  antecedent 
moisture  conditions  and  are  shown  in  the  SCS  Engineering  Handbook 
(Reference  1)  and  summarized  in  Table  1, 


Although  Equation  (3)  was  Intended  to  simulate  runoff  volume 
It  has  been  used  extensively  to  simulate  runoff  rates  by  allowing 
P  and  Q  in  Equation  (3)  to  represent  accumulated  storm  rainfall 
and  runoff  volumes.  Hence,  incremental  rainfall  excess  rates  in 
each  time  period  lg(J)  are  simulated  as 

(j)  =  qUI..r-Cjari.) 

DT 
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where  Q(J)  and  Q(J~1)  are  accumulated  storm  runoff  volume  at  times 
J*DT  and  (J-1)*DT,  respectively,  where  j  Is  the  time  increment 
number. 


2.  Simulation  of  Storm  Hydrograph 

a.  Normalized  Unit  Response  Function  (NURP) 

The  Unit  Response  Function  (URP)  in  APRUM  is  based  upon 
Ardis'  (Reference  2)  quadrilateral  function.  The  URP  was  coupled 
with  the  CN  model  to  form  the  TVA  double  triangle  model.  The 
shape  of  the  URPs  and  associated  CNs  have  been  optimized  on  a 
total  of  ^10  storms  in  36  watersheds. 

The  quadrilateral  URP  Is  based  on  the  concept  that  the 
initial  response  from  a  watershed  comes  from  the  riparian  areas, 
and  as  other  areas  of  the  watershed  become  saturated,  they  too 
begin  to  contribute  to  runoff  in  the  form  of  a  delayed  response. 
It  is  assumed  that  these  two  responses  can  be  simulated  by  two 
separate  triangle  response  functions  as  shown  in  Figure  1.  When 
added  together,  these  two  triangles  form  the  quadrilateral  unit 
response  function. 

Symbols  used  in  the  figure  are: 

I  *  Precipitation  excess  intensity  in  inches  per  hour. 
Since  the  volume  of  input  is  one  basin-inch  =  1/DT. 

DT  *  Time  Interval  used  in  abstracting  rainfall  and 
discharge  record  in  hours. 
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UP  =  Peak  of  unit  response  function  at  Tl. 

UR  =  Peak  of  delayed  response  at  T2. 

Tl  =  Time  to  peak  of  initial  response,  hours. 

T2  =  Time  base  of  Initial  response  and  equal  to  the  time 
of  peak  of  delayed  response,  hours. 

T3  =  Time  of  end  of  delayed  response,  hours. 

pe(t)  =  precipitation  excess  as  a  function  of  time,  t,  in 
inches  per  hour. 

URP(t)  =  unit  response  function  ordinate  as  a  function  of 
time,  t,  in  Inches  per  hour. 

In  deriving  the  URP,  it  is  assumed  that  the  peak  of  the 
delayed  response  (UR)  occurs  at  the  end  of  the  initial  response 
(T2),  and  the  time  bases  of  both  responses  and  the  time  to  peak 
of  the  initial  response  are  integer  multiples  of  DT.  No  assump¬ 
tion  is  made  concerning  the  relative  volumes  contained  in  the 
initial  and  delayed  responses  or  concerning  the  relative  magni¬ 
tudes  of  the  peaks  of  the  individual  responses. 

The  double  triangle  URP  is  defined  by  the  five  parameters 
UP,  UR,  Tl,  T2,  and  T3»  T3  is  determined  by: 

T3  *  (NOBS  -  NRAIN  +1)»  DT 

where  NOBS  =  number  of  storm  hydrograph  ordinates  in  multiples  of 
DT  and  NRAIN  *  number  of  rainfall  Increments  in  multiples  of  DT. 
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By  maintaining  a  unit  volume,  UR  is  calculated  from: 


UR  =  (2  -[UP»T2]/[T3-T1]) 

Therefore,  defining  a  storm  URP  Involves  determining  values  of 
UP,  Tl,  and  T2. 

The  parameters  UP,  Tl,  and  T2  are  optimized  using  the 
pattern  search  technique.  The  objective  function  is  the  minimi¬ 
zation  of  the  sum  of  squares  of  errors  between  observed  and  simu¬ 
lated  discharges.  Since  all  five  parameters  describing  the  model 
are  allowed  to  vary  from  storm  to  storm,  the  model  is  considered 
nonlinear.  Rainfall  excess  is  optimized  using  the  SCS-Curve 
Number  model  after  setting  it  equal  to  the  observed  direct  runoff 
volume. 

The  variability  of  the  URP  from  storm  to  storm  within  a 
watershed  was  explained  by  normalizing  the  time  and  discharge 
scale  by  the  associated  URP  lag  time,  TL,  where  TL  =  time  lapse 
between  occurrences  of  50  percent  of  the  rainfall  excess  block 
and  50  percent  of  the  URP  volume.  These  normalized  URPs  are 
referred  to  as  NURFs. 

The  NURP  for  each  major  land  use  category  has  been  iden¬ 
tified  empirically,  and  are  shown  in  Figure  2.  The  categories 
are:  strip  mined,  100  percent  forest,  urban  without  extensive 

storm  sewers,  urban  with  extensive  storm  sewers,  and 
agricultural.  As  a  matter  of  providing  a  reference,  the  NURP 


TL  •  URF(t) 


-  100%  FOREST 

- URBAN 

— »  AGRICULTURAL 
••••SHEET  SURFACE  RUNOFF 

URBAN  WITH  EXTENSIVE  STORM  SEWERS 


Flgur»-  2.  NURF  for  VarlouM  Land  Ubc-  CondltlonH. 
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observed  for  sheet  surface  runoff  from  a  plane  (Reference  6)  is 
shown.  The  strip  mined  watersheds  were  previously  in  100  percent 
forested  areas.  Hence,  a  pattern  is  shown  where  the  forested  and 
strip  mined  watersheds  have  a  small  initial  response  whereas  the 
urban  and  agricultural  watersheds  have  a  larger  initial  response. 
This  implies  that  imperviousness  and  crop  land  produce  much  more 
surface  runoff.  The  storm  sewered  NURF  has  an  even  higher  ini¬ 
tial  response,  which  is  generated  by  runoff  collection  systems. 
Sheet  surface  runoff  has  no  delayed  response. 

b.  Lag  Time 

Lag  time,  TL,  for  a  storm  is  simulated  in  AFRUM  using 
the  concept  that  it  varies  Inversely  with  the  rainfall  excess 
intensity.  AFRUM  uses  a  weighted  rainfall  excess  intensity  (WRE) 

N  ,  N 

WRE  =  Z  E 

J-1 

(8) 

where  N  is  the  number  of  time  Intervals  equal  to  DT.  The 
weighted  storm  rainfall  Intensity  is  given  the  exponent  0.^ 
(References  4  and  5)*  The  following  equation  is  used  to  calculate 
the  time  lag 


TL  (min)  =  mA/REO*^ 


(9) 


where  lag  modulus,  ^  ,  is  empirically  related  to  watershed  charac¬ 
teristics  in  the  following  manner: 


15 


I 


(1)  For  rural  watersheds 

M(hr)  =  0.060  »  SQMI  +  0.0203  *PF  +  l.l6  (10) 

(2)  For  urban  watersheds 

/i(hr)  =  3.24  (SQMI/PI)°*^  (11) 

c.  Convolution  of  URF 

The  final  step  In  simulating  a  stormwater  hydrograph 
Is  to  convolute  the  storm  URF  with  the  rainfall  excess  time 
distribution.  The  URF  Is  defined  by  simulating  storm  lag  time 
from  Equation  (9)  using  with  either  Equation  (10)  or  (11), 
depending  on  the  watershed  land  use.  WRE  Is  calculated  by 
Equation  (8). 

3.  Simulation  of  Pollutant  Yield 
a.  Load  Modulus 

APRUM  simulates  storm  pollutant  yield  using  a  load 
modulus  (Ib/acre-ln  of  storm  runoff)  as  a  function  of  percent 
stripped  or  denuded  (PS),  lag  modulus  (m),  and  percent  forest  or 
trees  (PF^  in  the  following  form: 

*  Cl  «  PS  -  C2  • »PF  +  C^  (12) 

The  coefficients  were  optimized  using  stormwater  quality  data  on 
a  total  of  eleven  watersheds;  six  of  them  were  undergoing  coal 


strip  mining  and  five  were  urbanized  (Reference  5).  Equation  (12) 
was  derived  from  a  mass  balance,  and  each  of  its  terms  represents 
a  component  of  pollutant  yield. 


*  PS  =  source  of  pollutant  or  soil  loss 

pp  =  deposition  between  source  and  outfall,  and 

=  storage  in  watershed  picked  up  and  redeposited. 

The  coefficients  optimized  for  the  coal  strip  mined  and  urbanized 
watersheds  are  shown  in  Table  2.  The  coefficients  were  pre¬ 
viously  presented  in  References  ^  and  5. 

b.  Storm  Load 

Once  load  modulus  for  the  watershed  pollutant  has 
been  simulated,  the  storm  pollutant  yield,  SPY,  is  simulated  by 

SPY  =  *  AREA  *  6M0  «  SRO  (13) 

w 

where  SRO  is  the  total  storm  runoff  in  surface  inches,  and  AREA 


is  in  acres 


TABLE  2.  COEFFICIENTS  IN  POLLUTANT  YIELD  MODEL 


FOR  EQUATION  (12) 

URBAN 

_ Coefficients _ 

Source  Deposition  Storage 


Pollutant  C^ 


Suspended  Solids 

16.7 

21.5 

62.3 

Pe 

0.442 

0.568 

1.54 

Mn 

0.0072 

0.0092 

0.20 

Ca 

0.147 

0.189 

2.45 

Mg 

0.0597 

0.113 

0.0323 

Sulfate 

0.0719 

0.0216 

1.24 

Total  Alkalinity 

0.319 

0.128 

6.71 

COAL  STRIP  MINED  (Active) 

Suspended  Solids 

18.2 

1.28 

576.7 

Fe 

0.323 

0 

0.12 

Mn 

0.0161 

0 

0.002 

Ca 

0.131 

0 

0.38 

Mg 

0.133 

0 

0.40 

Sulfate 

1.39 

0 

2.45 

Total  Alkalinity 

0.19 

0 

2.00 

SECTION  V 


INSTRUCTIONS  FOR  DATA  PREPARATION 

The  data  cards  should  be  prepared  according  to  Figure  3  and 
Table  3.  Figure  3  shows  the  layout  of  the  data  cards  in  the 
order  in  which  they  must  be  read  into  the  computer.  Table  3 
shows  how  the  data  are  to  be  punched  and  lists  the  description  of 
variables  used  in  the  program. 
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RAINFALL  &  RUNOFF  DATA 


WATERSHED  NAME 


TIME  INTERVAL 


LAG  MODULUS 


SCS  CURVE  NUMBER 


I 


/  WATERSHED  CHARACTERISTICS 


/  ISIM.  lUNIT,  IPLOT,  ICHAR,  ILAG,  ILOAD 


/  TITLE  CARO 


BANNER  PAGE-LINE  4  TITLE 


BANNER  PAGE-LINE  3  TITLE 


BANNER  PAGE-LINE  2  TITLE 


BANNER  PAGE  LINE  1  TITLE 


Figure  3.  Data  Deck  for  AFRUM 
20 


TABLE  3.  APRUM  CARD  DATA 


U.S.  AIR  FORCE  RUNOPP  MODEL  (APRUM) 

A  STORM  HYDROGRAPH  SIMULATION  MODEL  DEVELOPED  FOR  THE  AIR  FORCE 
ENGINEERING  SERVICES  CENTER,  TYNDALL  APB,  FLORIDA  BY  DR  DONALD 
OVERTON  OP  THE  UNIVERSITY  OP  TENNESSEE,  PRINCIPAL  INVESTIGATOR 
AND  GEORGE  W.  SCHLOSSNAGLE,  CAPT  USAP,  BSC,  PROJECT  OFFICER 

APRUM 

CARD  FORMAT/ 

NO.  COLUMNS  VARIABLE  NAMES  AND  DESCRIPTION 

1  (12A1)/  BANNER  PAGE  -  1ST  LINE  —  USER  DESCRIPTION 

(1-12) 

2  (12A1)/  BANNER  PAGE  -  2ND  LINE  —  USER  DESCRIPTION 

(1-12) 

3  (12A1)/  BANNER  PAGE  -  3RD  LINE  —  USER  DESCRIPTION 

(1-12) 

H  (12A1)/  BANNER  PAGE  -  J|TH  LINE  —  USER  DESCRIPTION 

(1-12) 

5  (20A4)/  TITLE 

(1-80)  NAME  AND  LOCATION  OP  WATERSHED 

6  (6I4)/  ISIM,IUNIT,IPLOT,ICHAR,ILAG,ILOAD 

(l-i<)  ISIM-A  CONTROL  VARIABLE  TO  SPECIFY  THE  TYPE  OP 

DATA  SUPPLIED  TO  THE  PROGRAM 

ISIM=1  ONLY  RAINFALL  DATA  IS  SUPPLIED  AND  AN 
ESTIMATE  MUST  BE  MADE  OP  THE  SCS  CURVE 
NUMBER 

(5-8)  lUNIT-A  CONTROL  PARAMETER  TO  SPECIFY  OUTPUT 

UNITS  OP  SIMULATED  HYDROGRAPH 
IUNIT=0  UNITS  ARE  IN  INCHES/HR 
IUNIT=1  UNITS  ARE  IN  CPS 

(9-12)  IPLOT-A  CONTROL  PARAMETER  TO  DETERMINE  IP 

OUTPUT  IS  PLOTTED 
IPL0T=0  NO  PLOT  IS  PRODUCED 
IPLOT=l  A  PLOT  IS  PRODUCED 

(13-16)  ICHAR-A  CONTROL  PARAMETER  TO  SPECIFY  IP  LAND 

USE  IS  URBAN  (WITH  OR  WITHOUT  EXTENSIVE 
STORM  SEWERS),  AGRICULTURAL,  COAL  STRIP 
MINED  OR  100!J  FOREST 
ICHAR=0  URBAN  WITHOUT  STORM  SEWERS 
ICHAR=1  URBAN  WITH  STORM  SEWERS 
ICHAR=2  COAL  STRIP  MINED 
ICHAR=3  AGRICULTURAL 
ICHAR=4  FORESTED 
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TABLE  3.  AFRUM  CARD  DATA  (CONTINUED) 

(17-20)  ILAG-A  CONTROL  PARAMETER  TO  DETERMINE  IF  LAG 

MODULUS  IS  READ  IN  OR  SIMULATED  FROM 
WATERSHED  CHARACTERISTICS 
ILAG=0  LAG  MODULUS  IS  READ  IN 
ILAG=1  LAG  MODULUS  IS  SIMULATED  FROM  URBAN 

WATERSHED  CHARACTERISTICS  {%  IMPERVIOUS 
AND  AREA  [SQMI]) 

ILAG=2  LAG  MODULUS  IS  SIMULATED  PROM  RURAL 

WATERSHED  CHARACTERISTICS  {%  FOREST  AND 
AREA  [SQMI]) 

(21-24)  ILOAD-A  CONTROL  PARAMETER  TO  DETERMINE  HOW 

SUSPENDED  SEDIMENT  STORM  LOAD  IS  TO  BE 
SIMULATED  PROM  %  FOREST,  %  IMPERVIOUS, 

%  STRIPPED  AND  LAG  MODULUS 
ILOAD=l  URBAN  WATERSHED 
ILOAD=2  COAL  STRIP  MINED  WATERSHED 


WATERSHED  CHARACTERISTICS:  ID  URBAN, PS=0;  IF  RURAL, PI=0 
7  (4F8.0)/  SQMI, PP, PS, PI 


(1-8)  SQMI=WATERSHED  AREA  IN  SQUARE  MILES 

(9-16)  PP=PERCENT  FOREST 

(17-24)  PS=PERC ENT  COAL  STRIP  MINED  (OR  DENUDED) 

CARD  A  IS  NOT  REQUIRED  IP  ISIM»0  (CARD  5) 


8  (FIO.O)/  CN 

(1-10)  CN=SCS  CURVE  NUMBER  FOR  WATERSHED  AT  THE  TIME 

THE  STORM  OCCURED  (VARIES  WITH  ANTECEDENT 
MOISTURE) 

CARD  9  IS  NOT  REQUIRED  IF  ILAG«1  or  2  (CARD  5) 
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(FIO.O)/  U 

(1-10)  U=LAG  MODULUS,  HOURS 


10  (FIO.O)/ 
(1-10)1 


DT 

DT=TIME  INTERVAL  USED  IN  ABSTRACTING  RAINFALL 
(HRS) 


CARD  11,12,  and  13  MUST  BE  REPEATED  FOR  EACH  STORM  TO  BE 
SIMULATED 


11  (8A4)/ 

(1-32) 


BASIN 

BASIN=NAME  OF  WATERSHED 
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TABLE  3.  APRUM  CARD  DATA  (CONCLUDED) 

12  (2AiO/  BDATE 

BDATE=DATE  OP  STORM 
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(II, 9X, 

F10.3,30X, 

P10.3)/ 

(1) 


(2-10) 

(11-20) 


(21-50) 

(51-60) 


ISTAGE,RAIN(I) ,SFLOW(I) 


ISTAGE-A  CONTROL  PARAMETER  TO  SIGNAL  THE  END  OP 
A  STORM  DATA  SET 

ISTAGE=0  SIGNALS  CONTINUATION  OP  RAINFALL/ 
RUNOFF 

ISTAGE=1  SIGNALS  LAST  DATA  CARD  OF  A  STORM 

BLANk 

RAIN(I) 

RAIN(I)=CUMULATIVE  STORM  RAINFALL  ABSTRACTED  AT 

DT  TIME  INTERVALS.  THE  FIRST  VALUE  OF  RAIN(I) 

MUST  BE  0.0  AT  TIME  0.0 

BLANK 

SPLOW(I) 

SFLOW(I)=STORMWATER  DISCHARGED  IN  CFS, 
ABSTRACTED  AT  DT  TIME  INTERVALS,  VALUES  OP 
SPLOW(I)  ARE  NOT  REQUIRED  IF  ISIM=1  (CARD  1). 
THE  FIRST  AND  LAST  VALUES  OF  SFLOW(I)  MUST  BE 
0.0 


NO.  OP  RAINPALL/RUNOPP  CARDS  MUST  BE  EQUAL  TO  NUMBER  OF  RAINFALL/ 
RUNOFF  OBSERVATIONS 

A  MAXIMUM  OF  500  RAINFALL /RUNOFF  OBSERVATIONS  MAY  BE  SUBMITTED 
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SECTION  VI 


EXAMPLE  PROBLEMS 


1.  McDowell  Ditch 

An  example  application  of  APRUM  is  provided  for  the  McDowell 
Ditch  watershed  at  Grissom  Air  Force  Base,  Indiana.  The 
watershed  is  276  acres  in  size,  has  20  percent  Imperviousness, 
and  essentially  zero  percent  trees.  The  soils  are  classified  in 
SCS  group  C  and  watershed  land  use  is  considered  to  be  urban 
without  extensive  storm  sewers. 

The  accumulated  rainfall  and  hydrograph  for  the  storm  of 
November  14,  1978  was  measured  for  the  McDowell  watershed.  Since 
the  runoff  was  available,  the  storm  CN  was  calculated  within 
APRUM.  However,  using  the  SCS-CN  method  (see  Table  3)  the  CN  for 
the  storm  was  estimated  to  be  83,  whereas  the  calculated  CN  using 
storm  rainfall  and  runoff  was  8l.  This  produced  an  error  of 
3.1  percent. 

Hence,  the  data  was  punched  onto  the  cards  Into  the  specified 
format  and  entered  Into  the  computer  after  the  appropriate  JCLs. 

A  listing  of  the  Input  and  the  program  output  follows. 
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INTRODUCTION 


UJ 

UJ 

1  u 

UJ 

llJ 

l-X 

(OO 

X 

UJ 

XO 

zx 

• 

z 

1  UiX 

t- 

4X 

•00 

z 

ZOUJ 

®_JI- 

4 

X 

X 

0>-iX  1  CD 

Ikl  »  LULDO  •^t/lUiOC  0>-i  lU  K 

UUI  OZ<U.X-l»-Q*-<  liJ»-a  •O  ►-<  3»-<  liJ 

(XUJ  QCZZ03<*-<  <  I  X»-4i-<  (/)Z  0>IZ«/)  UJ 

0(/)uiouj(/)  a:>  •  zo  3  -  _izo 

zu.(/>zu.H-(/)v)ii.uja(/i  aujacz  (xou  a  ^  .in-uj 

K  UJ^  0»-<  Z  •(/»U10  •  lUM  UJ  4  •-> 

OXZ  ZU.-J_i  040  aUlH-UC/J  Z  t-Z  ITOO  U.XU. 

»-)-«ZU.>-40X00t-  004  •  400  *->  «/)000  OD  azo*-! 

(/)4UJ04  U.U1  SUlO  X3D  Z  ■-•UUJOOO  0»-i|i.U 

>-(/)UJZUJU.XUJ(/>  (/)  Z*-«0  O  O  UJZ  4  UJ 

OUJ  UI-JJ-  Qri-<>0*-X4'004  (TtruJ  Q.  _li-iUJJ-4  XOrt/JCL 

zxu.*-_i*-'  •  —>2  i-'Mcn  ot-x  uj«-»xox  a  o</j 
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OU.>-iCJ»-t-iX  XCCUJUJ  U.(/)  O  Z-J4  inx  C/X/X/JO  X  XXJ- 

z  cruj  zo  OOV-OX4V-QUI  •-*_j»  00  i/i  ••-<a«/)UJ  okzu. 

>->QXX  »OUJ  •X  4ZO  ZUJX  t-4  OO  UJO  Zmui  >-<-t40 
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GRISSOM  AFB 


THE  WATERSHED  NAME  IS  MCDOWELL  DITCH 
THE  DATE  OF  THE  RAINFALL  EVENT  IS  11-14-78 

THE  WATERSHED  SIZE  IN  SQUARE  MILES  IS:  SQMI=  ,43 

THE  PERCENT  OF  THE  BASIN  WHICH  IS  FOREST  IS:  PF=  5.50 

THE  PERCENT  OF  THE  BASIN  DENUDED  IS{  PS=  0.00 

THE  PERCENT  OF  THE  BASIN  WHICH  IS  IMPERVIOUS  IS:  PI=  22.00 

BY  SETTING  ISIM  =  0  YOU  HAVE  INDICATED  THAT  YOU  PLAN 
TO  SUPPLY  EITHER  ACTUAL  OR  DESIGN  RAINFALL  AND  RUNOFF 
DATAI  THEREFORE*  THE  SCS  CURVE  NUMBER*  CN*  WILL  BE  DE¬ 
TERMINED  BY  SETTING  RUNOFF  EQUAL  TO  PRECIPITATION  EXCESS. 

OUTPUT  UNITS  OF  THE  SIMULATED  HYDROGRAPH  ARE  HOURS 
AND  CUBIC  FEET  PER  SECOND*  CFS*  AS  SELECTED  BY  SETTING 
lUNIT  =  1. 

YOU  HAVE  REQUESTED  THAT  THE  HYDROGRAPH  BE  PLOTTED 
BY  SETTING  IPLOT  =  1. 

THE  WATERSHED  IS  ASSUMED  TO  BE  URBAN  WITHOUT 
STORM  SEWERSI  ICHAR  =  0. 

YOU  HAVE  ELECTED  TO  SIMULATE  LAG  MODULUS  IN 
HOURS  ASSUMING  IT  IS  A  FUNCTION  OF  THE  WATERSHED  AREA 
AND  PERCENT  IMPERVIOUS  AREA  OF  THE  WATERSHED!  ILAG  =  1. 


SEDIMENT  LOAD  HAS  BEEN  SIMULATED  ASSUMING  THE 
WATERSHED  IS  RURAL  OR  URBAN  WITHOUT  MAJOR  CONSTRUCTION! 
ILOAO  =  1. 


TABLE  I.  USER  INPUT 


OBSERVED  DATA 


time 

TOTAL 

INCREMENTAL 

FLOW 

FLOW 

(HR) 

RAIN 

RAIN 

(CFS) 

(IN/HR) 

( IN) 

(IN) 

0.00 

0.00 

0.00 

0.00 

0.00000 

.25 

.05 

.05 

0.00 

0.00000 

.50 

.10 

.05 

0.00 

0.00000 

.75 

.15 

.05 

0.00 

0.00000 

1.00 

.20 

.05 

0.00 

0.00000 

1.25 

.20 

0.00 

0.00 

0.00000 

1.50 

.20 

0.00 

0.00 

0.00000 

1.75 

.20 

0.00 

0.00 

0.00000 

2.00 

.20 

0.00 

0.00 

0.00000 

2.25 

.30 

.10 

0.00 

0.00000 

2.50 

.31 

.01 

0.00 

0.00000 

2.75 

.34 

.03 

0.00 

0.00000 

3.00 

.35 

.01 

0.00 

0.00000 

3.25 

.40 

.05 

0.00 

0.00000 

3.50 

.43 

.03 

0.00 

0.00000 

3.75 

,48 

.05 

0.00 

0.00000 

4.00 

.55 

.07 

0.00 

0.00000 

4.25 

.60 

.05 

0.00 

0.00000 

4.50 

,70 

.10 

0.00 

0.00000 

4.75 

.82 

.12 

0.00 

0.00000 

5.00 

.92 

.10 

0.00 

0.00000 

5.25 

.00 

.08 

0.00 

0.00000 

5.50 

.08 

.08 

0.00 

0.00000 

5.75 

.14 

.06 

0.00 

0.00000 

6.00 

.21 

.07 

0.00 

0.00000 

6.25 

.23 

.02 

.01 

.00002 

6,50 

.24 

.01 

.20 

,00072 

6.75 

.26 

.02 

.30 

.00108 

7.00 

.27 

.01 

.60 

•00216 

7.25 

.26 

.01 

1.10 

.00396 

7,50 

.29 

.01 

1.70 

.00613 

7.75 

.30 

.01 

2,50 

.00901 

8.00 

,.30 

0.00 

3.50 

.01261 

8.25 

.33 

.03 

4.60 

.01658 

8.50 

,.36 

.03 

5.80 

.02090 

8.75 

.38 

.02 

6.50 

.02342 

9.00 

.38 

0.00 

7.60 

.02739 

9.25 

.45 

.07 

8,50 

,03063 

9.50 

.46 

.01 

9.70 

.03496 

9.75 

' 

.47 

.01 

10.80 

.03892 

0.00 

: 

,47 

0.00 

11.60 

.04180 

0.25 

.47 

0.00 

12,10 

.04360 

0.50 

: 

.48 

.01 

12.60 

.04541 

0.75 

.48 

0.00 

13.00 

.04685 

1.00 

1.49 

.01 

12.40 

.04469 

1.25 

0.00 

0.00 

11.60 

.04180 

1.50 

0.00 

0.00 

10.70 

.03856 

1.75 

0.00 

0.00 

9.90 

.03568 

2.00 

0.00 

0.00 

8,90 

.03207 

2.25 

0.00 

0.00 

7.90 

.02847 

2.50 

0.00 

0.00 

7,70 

.02775 

2.75 

0.00 

0.00 

7.50 

.02703 

3.00 

0.00 

0.00 

7,70 

.02775 

3.25 

).00 

0.00 

7.90 

.02847 

3.50 

0.00 

0.00 

7,70 

.02775 

3.75 

}.00 

0.00 

7.50 

.02703 

4.00 

0.00 

0.00 

7,30 

.02631 

4.25 

).00 

0.00 

7,10 

.02559 

4.50 

0.00 

0.00 

7,00 

.02523 

4.75 

0.00 

0.00 

6.70 

.02414 

5.00 

1.00 

0.00 

6.60 

.02378 

5.25 

}.00 

0.00 

6.40 

.02306 

5.50 

).00 

0.00 

6.20 

.02234 

15.75 

9.00 

0.00 

5.00 

.01802 
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16.00 

16.25 

16.50 

16.75 
17.00 

17.25 

17.50 

17.75 
18.00 

18.25 

18.50 

18.75 
19.00 

19.25 

19.50 

19.75 
20.00 

20.25 

20.50 

20.75 
21.00 

21.25 

21.50 

21.75 
22.00 

22.25 

22.50 

22.75 
23.00 

23.25 

23.50 

23.75 
24.00 

24.25 

24.50 

24.75 
25.00 

25.25 

25.50 

25.75 
26.00 

26.25 

26.50 

26.75 
27,00 

27.25 

27.50 

27.75 
28.00 

28.25 

28.50 

28.75 
29.00 

29.25 

29.50 

29.75 
30.00 

30.25 

30.50 

30.75 
31.00 

31.25 

31.50 

31.75 
32.00 

11:1! 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0,00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0,00 

0.00 

0,00 

0,00 

0.00 

0.00 

0.00 

0.00 

0,00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0,00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 


4.70 

4.40 

4.20 

4.10 

3.80 

3.50 

3.20 

2.90 

2.90 

2.90 

2.90 

2.90 

2.90 

2.40 

2.10 

1.90 

1.80 

l.BO 

1.60 

1.50 

1.40 

1.30 

1.20 

1.10 

1.00 

.90 

.80 

.80 

.80 

.80 

.80 

.75 

.71 

.65 

.61 

.61 

.60 

.60 

.55 

.47 

.47 

.47 

.47 

.47 

.47 

.47 

,47 

.47 

.43 

.40 

,37 

.33 

.32 

.30 

.29 

.28 

.28 

.27 

.26 

.24 

.24 

.24 

.24 

.24 

.23 


.01694 

.01586 

.01514 

.01478 

.01369 

.01261 

.01153 

.01045 

.01045 

.01045 

.01045 

.01045 

.01045 

.00865 

.00757 

.00685 

.00649 

.00649 

.00577 

.00541 

,00505 

.00466 

.00432 

.00396 

.00360 

.00324 

.00288 

.00288 

.00286 

.00288 

.00268 

.00270 

.00256 

.00234 

.00220 

,00220 

.00216 

.00216 

.00198 

.00169 

.00169 

,00169 

.00169 

.00169 

.00169 

.00169 

.00169 

.00169 

.00155 

.00144 

.00133 

.00119 

.00115 

.00108 

.00105 

.00101 

.00101 

.0009? 

.00094 

.00086 

.00066 

.00086 

,00086 

.00086 

.00083 

.00083 

.00079 
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table  II.  HY0R06RAPH  OUTPUT 


OBSERVED 
FLOW  OUT  OF 
WATERSHED 
(CFS) 


PREDICTED 

flow  out  of 

WATERSHED 

(CFS> 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

.006 

.200 

.300 

.600 

1.100 

1.700 

2.500 

3.500 

4.600 
5.800 

6.500 

7.600 

8.500 

9.700 
10.800 

11.600 

12.100 

12.600 
13.000 
12.400 

11.600 

10.700 

9.900 

8.900 

7.900 

7.700 

7.500 

7.700 

7.900 

7.700 

7.500 
7.300 
7,100 
7.000 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

.024 

.426 

1.332 

3.384 

7.657 

12.749 

16.618 

19.440 

20.970 

21.832 

21.066 

17.345 

14.395 

12.532 

10.795 

10.149 

9.684 

8.678 

8.924 

11.002 

12.134 

11.168 

12.830 

15.075 

12.920 

10.588 

7.895 

5.856 

5.430 

5.056 

4.980 

4.125 

3.342 

2.808 

2.284 

2.013 

1.752 

1.503 

1.264 

1.037 

.610 


.617 

.458 


SUSPENDED 

SOLIDS 

DISCHARGED 

TIME 

FROM  WATERSHED 

(HOURS) 

LBS/SEC 

0.000 

0.000 

.250 

0.000 

.500 

0.000 

.750 

0.000 

1.000 

0.000 

1.250 

0.000 

1.500 

0.000 

1.750 

0.000 

2.000 

0.000 

2.250 

0.000 

2.500 

0.000 

2.750 

0.000 

3.000 

0.000 

3.250 

0.000 

3.500 

0.000 

3.750 

0.000 

4.000 

.000 

4.250 

.003 

4,500 

.010 

4,750 

.024 

5.000 

•  055 

5.250 

.092 

5.500 

.120 

5.750 

•  140 

6.000 

.151 

6.250 

.157 

6.500 

,  152 

6.750 

.125 

7.000 

.104 

7.250 

.090 

7.500 

.078 

7,750 

.073 

8.000 

.070 

8.250 

.063 

8,500 

.  064 

8.750 

.079 

9.000 

.087 

9.260 

.080 

9.500 

.092 

9,750 

.109 

10.000 

.093 

10,250 

.076 

10.500 

.057 

10.750 

.042 

11.000 

.039 

11,250 

.036 

11,500 

.036 

11.750 

.030 

12.000 

.024 

12,250 

.020 

12.500 

.016 

12.750 

•  015 

13.000 

•  013 

13.250 

.011 

13.500 

.009 

13,750 

.007 

14.000 

.006 

14,250 

.004 

14.500 

.003 
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TABLE  II. 


HYDROGRAPH  OUTPUT  (CONTINUED) 


6.700 
6.600 

6.400 
6.200 
5.000 

4.700 

4.400 

4.200 
4.100 

3.800 
3.500 

3.200 

2.900 

2.900 


2.900 

2.400 

2.100 

1.900 

1.800 

1.800 
1.600 
1.500 

1.400 
1.300 
1.200 
1.100 
1.000 

.900 
.800 
.800 
.800 
.800 
.800 
.750 
.710 
.650 
.610 
.610 
.600 
.600 
.550 
.470 
.470 
.470 
.470 
.470 
.470 
.470 
.470 
.470 
.430 
.400 
.370 
.330 
.320 
.300 
.290 
.280 
.280 
.270 
.260 
•  240 
.240 
.240 


.323 
.188 
.138 
.101 
.076 
.050 
.025 
•  013 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
O.OQO 
0.000 
0.^040 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0.000 
0,000 
0.000 


14.750 

.002 

15.000 

.001 

.001 

15.500 

.001 

15.750 

.001 

16.000 

.000 

16.250 

.000 

16.500 

.000 

16.750 

0.000 

17.000 

0.000 

17.250 

0.000 

17.500 

0.000 

17.750 

0.000 

18.000 

0.000 

l§:ilS 

0.000 

0.000 

18^750 

0«000 

0.000 

19.250 

0.000 

19.500 

0.000 

19.750 

0.000 

20.000 

0.000 

20.250 

0.000 

20.500 

0.000 

20.750 

0.000 

21.000 

0.000 

21.250 

0.000 

21.500 

0.000 

21.750 

0.000 

22.000 

0.000 

22.250 

0.000 

22.500 

0.000 

22.750 

0.000 

23.000 

0.000 

23.250 

0.000 

23.500 

0.000 

23.750 

0.000 

24.000 

0.000 

24.250 

0.000 

24.500 

0.000 

24.750 

0.000 

25.000 

0.000 

25.250 

0.000 

25.500 

0.000 

25.750 

0.000 

26.000 

0.000 

26.250 

0.000 

26.500 

0.000 

26.750 

0.000 

27.000 

0.000 

27.250 

0.000 

27.500 

0.000 

27.750 

0.000 

28.000 

0.000 

28.250 

0.000 

28.500 

0.000 

28.750 

0.000 

29,000 

0.000 

29.250 

0.000 

29.500 

0.000 

29.750 

0.000 

30.000 

0.000 

30.250 

0.000 

30.500 

0.000 

30.750 

0.000 

31.000 

0.000 

31.250 

0.000 
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.240 

0.000 

31.500 

0.000 

.240 

0.000 

31.750 

0.000 

.230 

0.000 

32.000 

0.000 

.230 

0.000 

32.250 

0.000 

.220 

0.000 

32.500 

0.000 

.220 

0.000 

32.750 

0.000 

.100 

0.000 

33.000 

0.000 

.050 

0.000 

33.250 

0.000 

0.000 

0.000 

33.500 

0.000 

TOTAL  SUSPENDED  SOLIDS  (LBS)  DISCHARGED  FROM  WATERSHED 
DURING  STORM  EVENT  =  ?308,209 


FE 

CONC 

(PPM) 

6.80680 

FE 

LOAD 

(LBS) 

135.87454 

MN 

CONC 

(PPM) 

.88400 

MN 

LOAD 

(LBS) 

17.64604 

CA 

CONC 

(PPM) 

10.82900 

CA 

LOAD 

(LBS) 

216.16404 

MG 

CONC 

(PPM) 

.14277 

HG 

LOAD 

(LBS) 

2.84984 

S04 

CONC 

(PPM) 

5.48080 

S04 

LOAD 

(LBS) 

109.40547 

ALK 

CONC 

(PPM) 

29.65820 

ALK 

LOAD 

(LBS) 

592.02478 

UP 

KTl 

KT2 

KUR 

663 

.632 

1.880 

.120 

U 

N 

DT 

306 

.400 

.25000 

SIMULATED  LOAD  MODULUS (L8S/AC-IN  OF  RUNOFF) 
26.16 
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2,  Capehart  Marina 


An  example  Is  provided  for  the  Capehart  Marina  watershed  at 
Tyndall  APB,  Florida.  No  runoff  data  is  available,  and  a  design 
storm  is  supplied.  The  design  storm  of  interest  is  10  inches  of 
rainfall  in  12  hours  read  in  at  increments  of  one  tenth  of  an 
hour.  The  watershed  area  is  0.17  square  mile  with  14.5  percent 
forest,  1  percent  denuded  area,  and  15  percent  impervious  area. 
Curve  number  58  was  selected  from  Table  1.  The  watershed  is 
urban  with  storm  sewers. 

A  listing  of  the  input  and  output  follows. 
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CAPEHART 
MARINA*  TAFB 
AFTER 

CONSTRUCTION 

CAPEHART  MARINA  AFTER  CONSTRUCTION  | 
1  I  1  1  1  I 

.17  14,5  1,  15. 

sa. 

.1 

CAPEHART  MARINA  -(AFTER) 

04-22-B0 

00, 

00,05 
00.1 
00.  15 
.? 

.25 

.3 

.35 

.40 

.5 

.55 

.6 

.65 

.7 

.75 

,H0 

.65 

.9 

.95 

1. 

1.1 

1.2 

1.3 

1.4 

1.6 

1.7 

1. fl 

2. n 
2.1 
2.2 

2.3 

2.4 

2.5 

2.6 

2.7 

2.H 

2.9 
3,0 

3.1 

3.2 

3.3 

3.4 

3.6 

3.7 
3  .  H 

3.9 
4.0 

4.1 

4.2 

4.3 

4.4 

4.5 

4.6 

4.7 
4.5 

4.9 
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INTRODUCTION 


THt  u.s,  air  force  runoff  model  (afrum)  for  simulating  storm 

HY0R06RAPHS  AND  POLLUTANT  YIELDS  WAS  DEVELOPED  FOR  THE  AIR  FORCE 
BY  THE  department  OF  CIVIL  ENGINEERING*  UNIVERSITY  OF  TENNESSEE* 
KNOXVILLE  AND  THE  RESEARCH  AND  DEVELOPMENT  DIRECTORATE  OF  THE 
AIR  FORCE  ENGINEERING  SERVICES  CENTER  (AFESC) *  TYNDALL  AIR  FORCE 

BASF*  Florida,  dr.  donald  e.  overton  of  the  university  of  Tennes¬ 
see  WAS  THE  PRINCIPAL  INVESTIGATOR  AND  DR.  GEORGE  W.  SCHLOSSNAGLE 
OF  THE  U.S.  AIR  FORCE  WAS  THE  PROJECT  OFFICER.  THE  RESULTS  OF  THREE 
SEPARATE  BUT  COMPLIMENTARY  STUDIES  WERE  INCORPORATED  INTO  AFRUM. 

EACH  OF  THE  THREE  STUDIES  HAD  THE  FUNDAMENTAL  OBJECTIVE  TO  EVALUATE 
THE  EFFECTS  OF  SPECIALIZED  LAND  USE  ON  STORMWATER  RUNOFF  AND  ITS 
ASSOCIATED  QUALITY.  THE  THREE  STUDIES  WERE  FUNDED  BY  THE  U.S.  DEPART¬ 
MENT  OF  ENERGY*  THE  U.S.  DEPARTMENT  OF  INTERIOR  AND  THE  U.S.  AIR  FORCE. 
THE  STUDY  PERIOD  WAS  FROM  1975  THROUGH  1979.  AFRUM  WAS  DEVEL¬ 
OPED  IN  THE  COURSE  OF  ANALYZING  410  STORM  EVENTS  ON  36  WATERSHEDS* 

WHICH  Included  agricultural*  urban  and  forested  land  use  conoitiions 

AS  WELL  AS  coal  STRIP  MINING  AND  THREE  WATERSHEDS  ON  A  U.S.  AIP  FORCE 
BASF. 


AFRUM  WAS  DEVELOPED  FOR  THE  PURPOSE  OF  SIMULATING  STORMWATER 
HYDROGRAPHS  FROM  ACTUAL  OR  DESIGN  STORM  RAINFALL  DISTRIBUTIONS* 

LAND  USE  CHARACTERISTICS  AND  SOIL  TYPE  IN  THE  WATERSHED  OF  CONCERN. 
THE  REQUIRED  INPUT  BASIN  CHARACTERISTICS  ARE: 

1.  PERCENT  OF  WATERSHED  THAT  IS  FORESTED 

2.  PERCENT  OF  WATERSHED  THAT  IS  IMPERVIOUS 

3.  PERCENT  OF  WATERSHED  THAT  IS  DENUDED  OR  STRIP  MINED 

4.  SURFACE  DRAINAGE  AREA 

RUNOFF  VOLUME  AND  THE  ASSOCIATED  RAINFALL  EXCESS  TIME  DISTRIBUTION 
ARE  SIMULATED  FROM  INPUT  RAINFALL  USING  THE  U.S.  SOIL  CONSERVATION 
SERVICE  CURVE  NUMBER.  IF  A  RUNOFF  HYDROGRAPH  IS  PROVIDED  WITH  THE 
ASSOCIATED  RAINFALL  HYETOGRAPH*  AFRUM  WILL  COMPUTE  THE  CURVE  NUM¬ 
BER*  CNI  OTHERWISE  CN  MUST  BE  AN  INPUT.  CN  IS  SELECTED  BY  USING 
THE  PROCEDURES  PROVIDED  IN  THE  NATIONAL  ENGINEERING  HANDBOOK* 
SECTION  4*  U.S.  SOIL  CONSERVATION  SERVICE. 


AFRUM  makes  PROVISION  FOR  SIMULATING  A  UNIT  HYOROGRAPH  OR 
UNIT  RESPONSE  FUNCTION*  WHICH  IS  CONVOLUTED  WITH  THE  RAINFALL  EX¬ 
CESS  HYETOGRAPH.  AFRUM  ALSO  SIMULATES  POLLUTANT  LOADS  FOR  THE 
INPUTED  STORM.  THIS  SIMULATION  IS  A  FUNCTION  OF  THE  SPECIFIED 
WATERSHED  AND  STORM  CHARACTERISTICS. 


CAPEHART  MARINA  AFTER  CONSTRUCTION 


THE  WATERSHED  NAME  IS  CAPEHART  MARINA  -(AFTER) 

THE  DATE  OF  THE  RAINFALL  EVENT  IS  04-22-80 

THE  WATERSHED  SIZE  IN  SQUARE  MILES  IS:  SOMIs  .17 

THE  PERCENT  OF  THE  BASIN  WHICH  IS  FOREST  IS:  PF»  14.50 

THE  PERCENT  OF  THE  BASIN  DENUDED  ISI  PSa  1.00 

THE  PERCENT  OF  THE  BASIN  WHICH  IS  IMPERVIOUS  IS:  PI*  15.00 


BY  SETTING  ISIM  >  1  YOU  HAVE  INDICATED  THAT  YOU  PLAN 
TO  SUPPLY  ACTUAL  OR  DESIGN  RAINFALL  DATA!  THEREFORE*  AN 
ESTIMATE  OF  THE  SCS  CURVE  NUMBER*  CN*  MUST  BE  PROVIDED. 


OUTPUT  UNITS  OF  THE  SIMULATED  HYDROGRAPH  ARE  HOURS 
AND  CUBIC  FEET  PER  SECOND*  CFS*  AS  SELECTED  BY  SETTING 
lUNIT  s  1. 


YOU  HAVE  REQUESTED  THAT  THE  HYDROGRAPH  BE  PLOTTED 
RY  SETTING  IPLOT  *  1. 


SEWERSt 


THE  WATERSHED  IS  ASSUMED  TO  BE  URBAN  WITH  STORM 
ICHAR  a  1. 


YOU  HAVE  ELECTED  TO  SIMULATE  LAG  MODULUS  IN 
HOURS  ASSUMING  IT  IS  A  FUNCTION  OF  THE  WATERSHED  AREA 
PERVIOUS  AREA  OF  ‘ 


AND  PERCENT  IMPERVIOUS  AREA  OF  THE  WATERSHEDI  ILAG  »  1. 


WATERSHED  IS 
TLOAD  «  1. 


SEDIMENT  LOAD  HAS  BEEN  SIMULATED  ASSUMING  THE 
RURAL  OR  URBAN  WITHOUT  MAJOR  CONSTRUCTION! 
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TABLE  I.  USER  INPUT 


OBSERVED  DATA 


time 

TOTAL 

INCREMENTAL 

FLOW 

FLOW 

(HR) 

RAIN 

RAIN 

(CFS) 

(IN/HR) 

(IN) 

(IN) 

0.00 

0.00 

0.00 

0.00 

0.00000 

.10 

.05 

.05 

0.00 

0.00000 

.20 

.10 

.05 

0.00 

0.00000 

,30 

.15 

.05 

0.00 

0,00000 

.40 

.20 

.05 

0.00 

0.00000 

.50 

.25 

•OS 

0.00 

0.00000 

,60 

.30 

.05 

0.00 

0.00000 

.70 

.35 

.05 

0.00 

0.00000 

.80 

.40 

.05 

0.00 

0.00000 

.90 

.50 

.10 

0.00 

0.00000 

1.00 

.55 

.05 

0.00 

0.00000 

1.10 

.60 

.05 

0.00 

0.00000 

1.20 

.65 

.05 

0.00 

0.00000 

1.30 

.70 

.05 

0.00 

0.00000 

1.40 

.75 

.05 

0.00 

0.00000 

1.50 

.80 

.05 

0.00 

0.00000 

1.60 

.85 

.05 

0.00 

0.00000 

1.70 

.90 

.05 

0.00 

0.00000 

1.80 

.95 

.05 

0.00 

0.00000 

1.90 

1.00 

.05 

0.00 

0.00000 

2.00 

1.10 

.10 

0.00 

0.00000 

2.10 

1.20 

.10 

0.00 

0.00000 

2.20 

1.30 

.10 

0.00 

0.00000 

2.30 

1.40 

.10 

0.00 

0.00000 

2.40 

1.50 

.10 

0.00 

0.00000 

2,50 

1.60 

.10 

0.00 

0.00000 

2.60 

1.70 

.10 

0.00 

0.00000 

2,70 

1.80 

.10 

0.00 

0.00000 

2.80 

1.90 

.10 

0.00 

0.00000 

2,90 

2.00 

.10 

0.00 

0.00000 

3.00 

2.10 

.10 

0.00 

0.00000 

3.10 

2.20 

.10 

0.00 

0.00000 

3.20 

2.30 

.10 

0.00 

0.00000 

3,30 

2.40 

.10 

0.00 

0.00000 

3.40 

2.50 

.10 

0.00 

0.00000 

3.50 

2.60 

.10 

0.00 

0.00000 

3.60 

2.70 

.10 

0.00 

0.00000 

3.70 

2.80 

.10 

0.00 

0.00000 

3.80 

2.90 

.10 

0.00 

0.00000 

3.90 

3.00 

.10 

0.00 

0.00000 

4.00 

3.10 

.10 

0.00 

0.00000 

4.10 

3.20 

.10 

0.00 

0.00000 

4.20 

3.30 

.10 

0.00 

0.00000 

4.30 

3.40 

.10 

0.00 

0.00000 

4.40 

3.50 

.10 

0.00 

0.00000 

4,50 

3.60 

.10 

0.00 

0.00000 

4.60 

3.70 

.10 

0.00 

0.00000 

4.70 

3.80 

.10 

0.00 

0.00000 

4.80 

3.90 

.10 

0.00 

0.00000 

4,90 

4.00 

.10 

0.00 

0.00000 

5.00 

4.10 

.10 

0.00 

0.00000 

5.1  j 

4.20 

.10 

0.00 

0.00000 

5,20 

4.30 

.10 

0.00 

0.00000 

5.30 

4.40 

.10 

0.00 

0.00000 

5.40 

4.50 

.10 

0.00 

0.00000 

5.50 

4.60 

.10 

0.00 

0.00000 

5.60 

4.70 

.10 

0.00 

0.00000 

5.70 

4.80 

.10 

0.00 

0.00000 

5.60 

4.90 

.10 

0.00 

0.00000 

5.90 

5.00 

.10 

0.00 

0.00000 

6.00 

5,10 

.10 

0.00 

0.00000 

6.10 

5.20 

• 

10 

0.00 

0.00000 

6.20 

5.30 

• 

10 

0.00 

0.00000 

6.30 

5.40 

• 

10 

0.00 

0.00000 

6.40 

5.50 

• 

LO 

0.00 

0.00000 

6.50 

5.60 

• 

0 

0.00 

0.00000 

6.60 

5.70 

• 

10 

0.00 

0.00000 

6.70 

5.80 

• 

0 

0.00 

0.00000 

6.60 

5.90 

• 

0 

0.00 

0.00000 

6.90 

6,00 

• 

0 

0.00 

0.00000 

7.00 

6.15 

• : 

15 

0.00 

0.00000 

7.10 

6.30 

.15 

0.00 

0.00000 

7.20 

6.45 

.15 

0.00 

0.00000 

7.30 

6.60 

0.00 

0.00000 

7.40 

6.75 

.15 

0.00 

0.00000 

7,50 

6,90 

.15 

0.00 

0^00000 

7.60 

7.00 

.10 

0.00 

0.00000 

7.70 

7,10 

•  . 

LO 

0.00 

0.00000 

7.80 

7.20 

• 

10 

0.00 

0.00000 

7.90 

7.30 

.10 

0.00 

0.00000 

8.00 

7.40 

•  10 

0.00 

0.00000 

e.io 

7.50 

.10 

0.00 

0.00000 

8.20 

7.60 

.10 

0.00 

0.00000 

8.30 

7.70 

.10 

0.00 

0.00000 

8.40 

7.80 

.10 

0.00 

0.00000 

8.50 

7,90 

.10 

0.00 

0.00000 

8.60 

8.00 

.10 

0.00 

0.00000 

8.70 

8.10 

•  10 

0.00 

0.00000 

8.80 

8.20 

.10 

0.00 

0.00000 

8.90 

8.30 

.10 

0.00 

0.00000 

9.00 

8.40 

.10 

0.00 

0.00000 

9.10 

8.50 

•  10 

0.00 

0.00000 

9.20 

8.60 

.10 

0.00 

0.00000 

9.30 

8.70 

•  < 

10 

0.00 

0.00000 

9.40 

8.80 

• 

10 

0.00 

0.00000 

9.50 

8.90 

.10 

0.00 

0.00000 

9.60 

9.00 

.10 

0.00 

0.00000 

9.70 

9.05 

.05 

0.00 

0.00000 

9.80 

9.10 

.05 

0.00 

0.00000 

9.90 

9.15 

.05 

0.00 

0.00000 

10.00 

9.20 

.05 

0.00 

0.00000 

10.10 

9.25 

.05 

0.00 

0.00000 

10.20 

9,30 

.05 

0.00 

0.00000 

10.30 

9.35 

.05 

0.00 

0.00000 

10.40 

9,40 

.05 

0.00 

0.00000 

10.50 

9.45 

.( 

)5 

0.00 

O.OOOQO 

10.60 

9.50 

)5 

0.00 

0.00000 

10.70 

9.55 

.05 

0.00 

0.00000 

10.80 

9.60 

.05 

0.00 

0.00000 

10.90 

9,65 

.05 

0.00 

0.00000 

11.00 

9,70 

.05 

0.00 

0.00000 

11.10 

9.75 

.05 

0.00 

0.00000 

11.20 

9.80 

.05 

0.00 

0.00000 

11.30 

9.85 

.05 

0.00 

0.00000 

1.40 

9,90 

.05 

0.00 

0.00000 

11.50 

9.95 

.05 

0.00 

0.00000 

11.60 

10.00 

.05 

0.00 

0.00000 

estimated  CN«  58.00 


Rfl  U  N  TL  UP  UR  T1  T2  T3  AREA 

.600  ,220  .400  .270  3.330  .129  .300  .500  2.900  1.001 


TABLE  II.  HYOROGRAPH  OUTPUT 


OBSERVED  PREDICTED 

FLOW  OUT  OF  FLOW  OUT  OF 
WATERSHED  WATERSHED 

(CFS)  (CFS) 


0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0,000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0,000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

0.000 

.045 

0.000 

.423 

0.000 

1.452 

0.000 

3.326 

0.000 

5.628 

0.000 

7.932 

0.000 

10.184 

0.000 

12.384 

0.000 

14.534 

0.000 

16.636 

0.000 

18.690 

0.000 

20.698 

0.000 

22.659 

0.000 

24.576 

0.000 

26.449 

0.000 

28.278 

0.000 

30.064 

0.000 

31.807 

0.000 

33,509 

0.000 

35,169 

0.000 

36.787 

0.000 

38.365 

0.000 

39.901 

0.000 

41.398 

0.000 

42.853 

0.000 

44.269 

0.000 

45.644 

0.000 

46.980 

0.000 

48.275 

0.000 

0.000 

49.531 

50.749 

TIME 

SUSPENDED 
SOLIDS 
DISCHARGED 
FROH  WATERSHED 

(HOURS) 

LBS/SEC 

0.000 

0.000 

.100 

0.000 

.200 

0.000 

.300 

0.000 

.400 

0.000 

.500 

0.000 

.600 

0.000 

.700 

0.000 

.800 

0.000 

.900 

0.000 

1.000 

0.000 

1.100 

0.000 

1.200 

0.000 

1.300 

0.000 

1.400 

0.000 

1.500 

0.000 

1.600 

0.000 

1.700 

0.000 

1.800 

0.000 

1.900 

0.000 

2.000 

0.000 

2.100 

0.000 

2.200 

0.000 

2.300 

0.000 

2,400 

0.000 

2.500 

.000 

2.600 

.001 

2.700 

.004 

2.800 

.009 

2.900 

.016 

3.000 

.023 

3.100 

.029 

3.200 

.035 

3.300 

.041 

3,400 

.047 

3.500 

.053 

3.600 

.059 

3.700 

.064 

3.800 

.070 

3.900 

,075 

4.000 

.080 

4.100 

.085 

4.200 

.090 

4.300 

.095 

4.400 

.100 

4.500 

.104 

4.600 

.109 

4.700 

.113 

4.800 

.117 

4.900 

.122 

5,000 

.126 

5,100 

.129 

5.200 

.133 

5.300 

.137 

5.400 

.141 

5.500 

.144 

% 


0.000 

4.387 

12.600 

.012 

0.000 

3.950 

12.700 

.011 

0.000 

3.537 

12.800 

.010 

0.000 

3.146 

12.900 

.009 

0.000 

2.777 

13.000 

.008 

0.000 

2.432 

13.100 

.007 

0.000 

2.109 

13.200 

.006 

0.000 

1.809 

13.300 

.005 

0.000 

1.531 

13.400 

.004 

0.000 

1.277 

13.500 

.004 

0.000 

1.045 

13.600 

.003 

0.000 

.837 

13.700 

.002 

0.000 

.651 

13.800 

.002 

0.000 

.489 

13.900 

.001 

0.000 

.349 

14.000 

.001 

0.000 

.233 

.001 

0.000 

.140 

14.200 

.000 

0.000 

.070 

14.300 

.000 

0.000 

.023 

14.400 

.000 

0.000 

0.000 

14.500 

0.000 

TOTAL  SUSPENOeO  SOLIDS  (LBS)  DISCHARGED  FROM  WATERSHED 
DURING  STORM  EVENT  =  5188.523 


FE 

CONC 

(PPM) 

6.80680 

FE 

LOAD 

(LBS) 

775.87097 

MN 

CONC 

(PPM) 

•88400 

MN 

LOAD 

(LBS) 

100.76246 

CA 

CA 

CONC 

LOAD 

(PPM) 

(LBS) 

MG 

CONC 

(PPM) 

.14277 

MG 

LOAD 

(LBS) 

16.27314 

S04  CONC 

(PPM) 

5.48080 

S04  LOAD 

(LBS) 

624.72727 

ALK  CONC 

(PPM) 

29.65820 

ALK  LOAD 

(LBS) 

3380.58065 

optimized 

CURVE 

NUMBER  = 

TOTAL 

RUNOFF= 

4.6306INCHES 

KUP 

KTl 

KT2 

KUR 

.900 

.956 

1.800 

.035 

U 

N 

OT 

.220 

.400 

.10000 

SIMULATED 

LOAD 

MODULUS (LBS/AC-IN  OF 

10 

.30 

0.0 
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INITIAL  DISTRIBUTION 


OUSDR&E  1 
OSAF/MIQ  1 
DTIC/DDA  2 
OSAF/PA  1 
HQ  USAF/LEEV  1 
ORHl./l'.r.  2 
USAFSAM/EDH  1 
USAFSAM/VNL  1 
USAF  Hospital  Wlesbaden/SGB  1 
AUL/LSE  71-249  1 
HQ  USAFA/Llbrary  1 
AFRPL/Llbrary  1 
AFATL/DLODL  1 
Ch,  Pollution  Abatement  Br 

NAVFAC  Code  111  1 
NESO  1 
NCEL,  Code  15111  1 
HQ  AFESC/TST  1 
HQ  AFESC/RDVA  10 
AFIT/Llbrary  1 
102  ABG/DEEV  1 
University  of  Tennessee  3 
HQ  305  CSG/DEEV-1  1 
EPA/R&D  1 
Overton  &  Associates,  Inc.  1 
USAFRCE/WR/DEEV  1 
IJSAFRCE/CR/DEEV  1 
USAFRCE/ER/DEEV  1 
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